The classical work of Landsteiner established the concept of the chemically ' specific ' receptor for antigen-antibody reactions. The comparable degree of speci-
ficity characterizing enzyme-substrate interactions made it highly probable that they were mediated by a basically similar structure. The biologist has usually been happy to picture such receptor structures as grotesque spikes, prongs, or even hooks and eyes projecting from the surfaces of antibody molecules or cells. Such simplicities have clearly never gone down very well with the chemists, who have worked unceasingly to create a more sophisticated and fundamental concept.
It is perhaps useful to summarize initially those features of specific receptor behaviour which can constitute common ground between biologists and chemists. The essential core of the receptor mechanism is the fact that molecular surfaces can become physically bound by the close mutual apposition of circumscribed elements of those surfaces. The element is understood to be defined by the spatial distribution of a particular chemical grouping, and to this extent it is perhaps wrong to talk about such receptor elements as being elements of a surface in a strictly twodimensional sense, for it is clear that the structures involved are extended in three dimensions.
Current theory on specific receptor mechanisms seems to incline increasingly to the idea that mutual binding between homologous receptor sites takes place at specific binding 'points ', and it is the spatial distribution of such ' points ' within the structure of the chemical group that con€ers upon it its 'specific' properties. Thus the work of Friess and co-workers (Friess,Witkop, Durant, Reber & Thommesen, 1962) on the inhibition of the acetyl cholinesterase-acetyl choline system by muscarine isomers, led them to postulate %point binding of the inhibitor species to the catalytic surface of the enzyme. Earlier workers have postulated similar ideas from the results of the study of other enzymic systems. Clearly the more 'points' there are in the receptor element, the more ' specific ' will the receptor configuration be, for the greater the number of points one defines positionally in an element of space, the smaller the number of linear patterns which will include all the points.
The forces acting at the binding points do not appear to be very clearly understood. The presence of ionogenic groupings will generate a potential field around the molecular surface on which the electrokinetic potential of the molecule as a whole must depend. This will be modified by solvation. It is clear, however, that if the distribution of its binding points in three dimensions determines the ' specificity ' of the receptor, the points concerned must act independently as sites of attachment, and therefore the binding forces involved must be effective over a distance which is small relative to the over-all dimensions of the receptor. The effective range of these point binding forces must therefore be very much less than IP: 54.70.40.11
On: Mon, 07 Jan 2019 07:36:17 G. BELYAVIN the effective range of the electrostatic field. This leads to the idea that the forces involved are perhaps of the nature of van der Waals or London forces, obeying an inverse seventh power law. Thermodynamic data derived from antigen-antibody reactions indicate a large free energy change, the greater part of which, however, is derived from a correspondingly large increase in entropy. While the exact reason for this is obscure, it seems evident that the activation energy and binding energies involved are consonant with the formation of weak hydrogen bonds.
So much for the general features of the receptor concept. The suspicion that specific receptor mechanisms were concerned in the attachment of virus particles to the surface of the host cell was perhaps first crystallized by the demonstration of the remarkable, almost antigen-antibody-like, specificity governing the adsorption of bacteriophage to susceptible bacterial cells. The subsequent discovery of the agglutination of human and fowl red cells by influenza virus revealed a particularly attractive experimental system for the study of the receptor problem in relation to virus-cell attachment. The fact that the adsorbed influenza virus could elute itself spontaneously from the red-cell surface after initial adsorption, and that elution could subsequently leave the red cell surface bereft of the power to adsorb fresh virus, suggested enzymic action. Most virologists have been satisfied for some time that the influenza virus possesses a specific enzyme grouping on its surface. It is only comparatively recently, however, that the substrate, which constitutes the red-cell surface receptor, has been identified.
Many other macromolecular substances have been found which will bind on to the surface of the influenza virus, inhibiting thereby its capacity to agglutinate red cells; these are the so-called haemagglutination inhibitors. Certain of these inhibitors are attacked by the virus enzyme; the inhibitor molecule is released from the surface of the virus, and a t the same time, free sialic acid appears in the system. Chemical study has shown that most of the known haemagglutination inhibitors obtained so far in any degree of purity contain sialic acid as a substituent group, linked by an a glycosidic bond, probably to a carbohydrate prosthetic group.
Sialic acid has subsequently been identified in the limiting membrane of the human and fowl red cell, and evidence has been produced to show that when the virus elutes from the surface of the red cell, free sialic acid is stripped from the red cell surface. Thus it was shown some years ago (Hanig, 1948; Stone & Ada, 1952) that the electrophoretic mobility of red cells was markedly reduced after the elution of previously adsorbed influenza virus. More recently, Cook, Heard & Seaman (1961) have shown that all the electrokinetic potential of the red cell surface can be ascribed to ionization of the free carboxyl groups of the sialic acid moieties distributed thereon. The removal of sialic acid groups alone, therefore, would account for all the change in electrophoretic mobility. It is clear, therefore, that the influenza virus receptor on the red cell must be sialic acid, and that the virus will bind to most molecular structures possessing this substituent group. Enzymic action a t the site of adsorption leads to release of virus, free sialic acid and substrate residue.
It seems reasonable for a virologist to inquire: if the virus receptor (whatever it may be) binds on to sialic acid by union a t specific points on the molecule, so that enzymic action can be initiated a t the a glycosidic bond, why does the sialic acid become subsequently released? If in fact there is no intimate binding to the sialic acid molecule per se, but only to the a glycosidic bond, or its immediate vicinity, why is binding so markedly affected by the presence of sialic acid? There is a good deal to suggest that other factors influence the interaction between enzyme and the sialic acid receptor. Thus the rate at which influenza viruses elute from the red cell surface can vary according to the species of the red cell. Some strains elute very much more rapidly from fowl red-cells than from human ones, though the link to be broken is presumably in each case an a glycosidic one (Smith & Cohen, 1956) . It is possible, however, that more than one form of sialic acid is involved, and that the group is linked to different carbohydrate substituents. The local spatial distribution of these groupings a t the cell surface is also likely t o affect the ease with which the a glycosidic bond may be broken by the virus.
Specific antibody molecules will adsorb on to the surface of the virus and interfere thereby with the ability of the virus to haemagglutinate. There would seem to be a superficial analogy here with the haemagglutination inhibitors. That this is not so, is clearly evident from the fact that the specificity of influenza virus antibodies is not dependent on sialic acid substituent groupings. The effect of the antibody molecules on the simple adsorption receptor must depend upon subtle steric interferences.
We can see, from all this, how the behaviour of the virus-receptor system increasingly suggests that on a complex macromolecular surface, the behaviour of a simple chemical receptor group may perhaps be modified in many ways by the proximity on the same surface of other complex chemical configurations, and by the general spatial distribution of all these structures.
